Aims/hypothesis. Higher concentrations of insulin correlate with several coronary heart disease (CHD) risk factors and have been shown to predict incident CHD in several studies, leading to hypotheses concerning the proatherogenic properties of insulin. However, in cross-sectional studies, relationships of concentrations of the insulin precursor molecules, proinsulin and des 31, 32 proinsulin, relate as strongly, or more strongly, to levels of risk factors and to (prevalent) CHD. Methods. We investigated the relationship between concentrations of insulin, measured with a specific assay, and of proinsulin-like molecules, and risk factors in 1181 non-diabetic men 50±64 years old during Phase II of the Caerphilly Study. We also related concentrations of these molecules to incident CHD during the 10±14 years follow-up. Results. The relationship between concentrations of insulin, of proinsulin and of des 31, 32 proinsulin and BMI (r = 0.36±0.45), triglyceride (r = 0.25±0.31), high density lipoprotein-(HDL-) cholesterol (r = ±0.17 to ±0.21), systolic (r = 0.05±0.11) and diastolic blood pressure (r = 0.11±0.15) were similarly close, those with risk factors being somewhat and similarly reduced after adjustment for BMI. The correlation between insulin and of proinsulin-like molecules and those plasminogen activator inhibitor-1 (PAI-1) antigen was also similar (r = 0.28±0.29). There was a negative correlation between concentrations of proinsulin-like molecules ± but not insulin ± and birth weight. Insulin concentrations correlated positively with height (r = 0.12). In logistic regression models, concentrations of proinsulin-like molecules, but not insulin, predicted incident of CHD over a follow-up of 10±14 years (insulin ± standardised odds ratio (SOR) 1.30 (95 %-CI) 0.91, 1.85), p = 0.15; des 31, 32 proinsulin ± SOR 1.38 (95 %-CI 1.02, 1.85), p = 0.034; sum of proinsulin-like molecules ± SOR 1.54 (95 %-CI 1.07, 2.20), p = 0.019 after adjusting for age and BMI. The predictive ability of these molecules was reduced by around one third after adjustment for standard risk factors and concentrations of tryglyceride and HDL-cholesterol, and by about half after further adjustment for PAI-1 concentrations. Conclusion/interpretation. We conclude that concentrations of proinsulin-like molecules provide a better way to predict the incidence of CHD than those of insulin. However, the lack of biological evidence for a causative relationship suggests an association through a common antecedent, and this antecedent is not likely to be intrauterine growth retardation. [Diabetologia (2002) 45: 327±336] 
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The clustering of hypertension, dyslipidaemia, central obesity and disturbed fibrinolysis has been noted in both diabetic and non-diabetic subjects. Insulin resistance and consequent hyperinsulinaemia have been proposed as the primary abnormality responsible for this association, through mechanisms such as sodium retention, sympathetic nervous system activation, and an excessive supply of non-esterified fatty acids as substrate for hepatic lipogenesis [1±4] . Hyperinsulinaemia could also be proatherogenic in its own right [5] , and studies have shown that increased concentrations of insulin, either fasting or after a glucose load, predict incident coronary heart disease (CHD) [6±11] .
Until recently, most assays for insulin cross-reacted with the insulin precursor molecules, proinsulin and des 31, 32 proinsulin [12] . In non-diabetic subjects, these molecules together comprise only some 10 % of all insulin-like molecules [13±15] , but in patients with Type II (non-insulin-dependent) diabetes mellitus this proportion is higher [13±16] . In diabetic patients, we found that the relationships between several cardiovascular risk factors and insulin, measured using a non-specific assay, could in fact represent relationships with the precursor molecules and not with insulin itself [17] . In the general population, proinsulin-like molecules contribute only around 10 % of the concentrations measured using a non-specific assay, and are unlikely to lead to erroneous conclusions. We have, nevertheless, shown that in subjects with normal glucose tolerance, concentrations of proinsulin and des 31, 32 proinsulin showed relationships with a number of cardiovascular risk factors that were similar to, or stronger than, those of fasting or post-glucose load insulin [18] . Similar findings were reported from a study in Texas [19] . Furthermore, we found a relationship between all three molecules and concentrations of both fibrinogen and low density lipoprotein cholesterol, which are not thought to belong to the insulin-resistance syndrome [18] . More recently, we reported very similar strength in crosssectional relationships between concentrations of each of the molecules and prevalent CHD in a study of 1291 europid and south Asian non-diabetic subjects [20] . Because these molecules comprise only around 10 % of all insulin-like molecules, and the receptor binding and biological action of these molecules is around 1±8 % of that of insulin (14) , it is not probable that proinsulin-like molecules are involved in causing the insulin-resistance syndrome or CHD itself (20) . Some other factor could provide a common antecedent, such as growth retardation in early life [18] , which has been linked to insulin resistance [21, 22] , to the insulin-resistance syndrome [23, 24] and to higher concentrations of proinsulin-like molecules [23, 25] .
Evidence of antecedence is vital for showing causality in a relationship. For this reason, we studied the relationship between concentrations of insulin and of proinsulin-like molecules and incident CHD in 1181 men 50±64 years of age who had blood samples stored during Phase II of the Caerphilly Study (1984±88). This also provided the opportunity to study the cross-sectional relationships between concentrations of the insulin-like molecules and cardiovascular risk factors, and, in a subset of around 40 % of the cohort, with recalled birth weight. The hypotheses we wished to test were, firstly, that concentrations of intact and of des 31, 32 proinsulin correlate with levels of triglyceride, high density lipoprotein (HDL) cholesterol, low density-lipoprotein (LDL) cholesterol, fibrinogen, plasminogen activator inhibitor-1 (PAI-1) and blood pressure in non-diabetic men independently of concentrations of insulin. Secondly, absolute and relative concentrations of proinsulinlike molecules are higher in men who subsequently develop CHD, and thirdly, these associations could be explained through common associations with low birth weight.
Subjects and methods
Phase I of the Caerphilly Study involved the examination of 2512 men 45±59 years of age from a defined geographical area. These individuals, representing 89 % of those eligible, were studied between 1979 and 1983 (26) . Of these subjects, 2000 (79.6 %) were re-examined between 1984 and 1988 in Phase II of the Study, when they were 50±64 years old. Each subject completed a questionnaire documenting employment, parental employment, smoking habits, alcohol consumption, and work and leisure time activity. In addition, subjects completed the WHO Cardiovascular Questionnaire for documentation of angina and intermittent claudication [27] . About 40 % of the subjects provided their birth weight, ascertained from their mother or a close female relative, which have been reported to show strong associations with both anthropometric measures in adulthood (28) and incident CHD (29) .
The height of all subjects without shoes and weight wearing light clothing was recorded. BMI was calculated as weight in kg/(height in metres) 2 . Blood pressure was measured in duplicate with a random zero sphygmomanometer (Hawksley, Lancing, Sussex) after a 10-min rest. The men were asked to return for venesection on another day, usually about 1 week later, after an overnight fast when a blood sample was taken with a 19G cannula and with minimum stasis for glucose and lipids. Lithium heparin aliquots were frozen at ±70 C until assay for insulin and for proinsulin-like molecules in 1995±1996. Another sample, taken into 3.8 % sodium citrate, was frozen at ±70 C for assay of PAI-1 activity in 1993±1994.
All subjects studied during Phase II were reinvestigated at Phase III (1989±1993) and Phase IV (1994±98), during both of which phases each subject repeated the WHO Cardiovascular Questionnaire [27] for angina, and a 12 lead electrocardiogram was recorded. The ECGs were Minnesota coded [27] by two independent observers and myocardial infarction was classified as codes 1.1, 1.2 and 7.1. Incident CHD to January 1998 (death) or the date of examination during Phase IV of the Study, or the date last examined (if the subject was lost to follow-up) was used as the dependent variable in logistic regression analyses. Data for mortality were obtained by flagging at the National Health Service Central Registry and from local hospitals until 1 January 1998. Because of a very low autopsy rate ( < 10 %), CHD deaths were defined as those coded as 410±414 in the International Classification of Diseases (9th Revision, n = 63). All incident CHD events were defined as CHD deaths, together with similarly classified hospital admissions (using Hospital Activity Analysis for these hospitals (n = 52)), and subjects who had developed new myocardial infarction on ECG (n = 12). The clinical notes of patients so classified, or those admitted with severe chest pain, were then inspected and the WHO criteria for acute myocardial infarction [30] , comprising the development of QS waves on the electrocardiogram (Minnesota code 1±1±1 to 1±2±5 or 1±2±7) were applied.
Assay methods. Methods for determining plasma glucose and lipids have been previously reported [31] . Plasminogen activator inhibitor-1 activity was measured using a chromogenic assay (Chromogenix, Stockholm, Sweden) [32] . Fibrinogen was measured using the von Claus assay.
Frozen samples were available on 1947 subjects studied during Phase II. There was an assay loss of 68 % of insulin and 81 % of intact proinsulin after five freeze-thaw cycles, so only continuously frozen samples were assayed. Of the 1947 samples, 1370 had remained continuously frozen during the subsequent 8±12 years, this sample being random from the whole cohort. Proinsulin and des 31, 32 proinsulin were measured on a single aliquot, while insulin was assayed on separate aliquots in 1116 subjects to avoid the need to assay previously thawed samples. Data were not used because of poor reproducibility of the duplicate samples (coefficient of variation (CV) > 15 %) or inadequate volume for 182 subjects for intact proinsulin and 232 subjects for des 31, 32 proinsulin respectively. Insulin assays were available on all samples, with paired assay CVs of less than 11 %, but one sample was excluded because of a mismatch of identification number. The subjects on whom data were available were similar in all characteristics to the total Phase II cohort. Subjects with a history of previously diagnosed diabetes, with a fasting plasma glucose of 7.0 mmol´l ±1 or more, or both, were excluded from further analysis (n = 117 for insulin, 132 for intact and 128 for des 31, 32 proinsulin). Following these exclusions, 998 insulin results were available and 1056 and 1010 for intact and des 31, 32 proinsulin, respectively, in non-diabetic subjects.
Insulin was assayed in duplicate using a Dako kit (Dako Diagnostics, Ely, Cambs., UK), which shows a less than 1 % crossreactivity with intact and with des 31, 32 proinsulin, and has intra-assay and inter-assay coefficients of variation (CV) of 7.5 % and 8.9 %, respectively. Assays of proinsulin and des 31, 32 proinsulin were carried out in duplicate using 2-site monoclonal antibody-based microplate immunoradiometric assays as we have previously described [17, 18, 20] , employing antibodies (Serono Diagnostics, Woking, Surrey, UK) and based on methods previously described [33] . The detection limits for intact and des 31, 32 proinsulin were 0.25 and 0.125 pmol.l ±1 , respectively. The within-assay and between-assay CVs were 10.1 % and 9.6 % for intact, and 9.3 % and 15.0 % for des 31, 32 proinsulin. There was no cross-reaction with insulin in either assay. The des 31, 32 proinsulin assay showed 59 % crossreactivity with intact proinsulin and the concentration of des 31, 32 proinsulin was calculated by subtracting the cross-reactivity of the measured intact proinsulin.
We calculated the sum of proinsulin-like molecules as (intact proinsulin + des 31, 32 proinsulin), and the proinsulin ratio as (intact proinsulin + des 31, 32 proinsulin) / insulin.
We analysed the relationships between the sum of proinsulin-like molecules and continuous variables and with CHD in order to permit comparisons with other studies in which the proinsulin assay is not able to measure these molecular species separately. We found no deterioration in any of these molecules in stored samples stored frozen for up to 4 years at ±20 o C. In 40 continuously frozen samples assayed for urea, sodium and cholesterol, results were all within 5 % of original concentrations, excluding sample deterioration. Furthermore, the mean assay concentrations of proinsulin, des 31, 32 proinsulin and insulin in this study are similar to those we found in other similar populations [18, 20] , providing a strong probability of stability in these frozen samples.
Statistical Analyses. The data were analysed using Stata. Linear correlation and regression analyses were done to assess the relationships between the variables, with logarithmic transformation of skewed data, with and without adjustment for age and BMI and other variables. Because some cases of incident CHD defined electrocardiographically could not be dated, we used minimum likelihood logistic regression analysis, and not Cox proportional hazards models, to assess the independent contribution of absolute and relative concentrations of proinsulin-like molecules, and of insulin, in models controlling for age, BMI and other risk factors. We also did multiple regression analyses for combinations of insulin-like molecules, using both actual concentrations and residuals, the latter to overcome the problem of collinearity. In these analyses, concentrations of insulin-like molecules were analysed as continuous variables because no evidence for threshold or other non-linear effects on the relationships between these concentrations and incident CHD was found. To compare risks associated with different variables, risk was expressed as a standardised odds ratio (SOR), representing the change in events corresponding to a one standard deviation change in the variable under consideration. The 95 %-CIs are also given. Results are presented for analyses employing all valid subjects but results were very similar when using only the smaller number of subjects with a complete set of data. We estimate that the numbers of subjects studied provide sufficient power to detect correlation coefficients of around 0.07 at a 5 % level of significance. We also estimated that, with around 70 deaths from CHD and around 130 incident cases, the numbers were sufficient to detect an SOR of around 1.3 in CHD incidence and 1.6 in CHD deaths with 80 % power. Data are expressed as mean (standard deviation (SD)) for normally distributed variables and median (interquartile (IQ) range) for skewed variables. A p value of less than 0.5 was considered to be statistically significant.
Results
The characteristics of the study cohort are shown in Table 1 . The relationship of concentrations of insulin, of proinsulin-like molecules and of the derived sum and ratio are shown in Table 2 as partial correlation coefficients adjusted for age and BMI. The simple correlations of insulin, proinsulin and of des 31, 32 proinsulin with BMI (r = 0.36±0.45), triglyceride (r = 0.25±0.31), HDL-cholesterol (r = ±0.17 to ±0.21), systolic (r = 0.05±0.11) and diastolic blood pressure (r = 0.11±0.15) were similarly close, those with risk factors being somewhat reduced by adjustment for age and BMI ( Table 2) . Correlations of concentrations of insulin and of proinsulin-like molecules with those of plasminogen activator inhibitor-1 antigen were also similar (r = 0.28±0.29) and were also re-duced after adjustment. There were negative relationships between concentrations of proinsulin-like molecules and birth weight, and positive correlations between those of all molecules and fibrinogen, after adjustment for age and BMI. Concentrations of insulin (but not of proinsulin) correlated positively with height but not with social class. The correlations of the derived sum of proinsulin-like molecules paralleled those for the component molecules. The proinsulin-to-insulin ratio related negatively to height, and positively to social class after adjustment for age and BMI. There was no significant relationship between the proinsulin-to-insulin ratio with other risk factors or birth weight. We also found no relationship of proinsulin:insulin ratio with markers of liver or kidney dysfunction (creatinine r = 0.03, gammaglutamyl transpeptidase r = 0.05). Concentrations of insulin-like molecules were moderately intercorrelated, with coefficients of 0.47 and 0.49 for insulin with intact and des 31, 32 proinsulin, and of 0.62 for intact with des 31, 32 proinsulin.
The independent correlation of proinsulin-like molecules with other variables, after adjusting statistically for the effect of insulin, as well as for age and BMI, were explored using multiple regression models. In these models, concentrations of both intact proinsulin and des 31, 32 proinsulin independently correlated with HDL-cholesterol (partial r = ±0.07 to ±0.09, triglyceride (partial r = 0.11±0.19) and PAI-1 (partial r = 0.12±0.13) once insulin had been entered into the equation with age and BMI. The partial correlation of both insulin and des 31, 32 proinsulin with PAI-1 remained significant after further addition of triglyceride to the model (r = 0.08, p = 0.03 and r = 0.09, p = 0.01 respectively). Inclusion of birth weight in these models had little effect on these correlation coefficients (data not shown). Data are shown as mean (SD) for normally distributed variables and median (interquartile range) for skewed data The results of the logistic regression models are shown in Table 3 . In separate models, adjusting for age and BMI, the SOR for des 31, 32 proinsulin (1.38, 95 %CI 1.02±1.85) and for the sum of proinsulin-like molecules (1.54, 95 %CI 1.07±2.20) in predicting incident CHD over 10±14 years (113 cases) were somewhat stronger than that for insulin (1.30, 95 %CI 0.91±1.85), despite the fact that these precursor molecules comprise only some 10 % of the total sum. However, in a combined model incorporating insulin and des 31, 32 proinsulin, des 31, 32 proinsulin replaced insulin in the prediction of incident CHD (model 6). Similarly, the sum of concentrations of proinsulin-like molecules was stronger than that of insulin in a combined model (model 7) but did not reach conventional levels of significance. Similar conclusions were found when using residuals of proinsulin-like molecules, related to concentrations of insulin, in joint models. The results of logistic regression analyses for both fatal CHD (63 cases) and non-fatal CHD (64 cases), were similar to those for all incident CHD, but, because of smaller numbers, less consistent patterns of association were seen (data not shown). We also compared the estimates with hazards ratios derived from Cox proportional hazards models in those subjects with clinical events (excluding cases diagnosed by ECG). These estimates were closely similar, suggesting that concentrations of insulin-like molecules do not disproportionately influence early or late events. The results of all these analyses were hardly affected by excluding adjustment for BMI.
We studied the effect of adding other risk factors to such logistic regression models (Table 4) . With incidence of CHD as the dependent variable, the SORs for insulin, for des 31, 32 proinsulin and for sum of proinsulin-like molecules were hardly affected by adding standard risk factors to age and BMI in the models. Further adjustment for triglyceride and HDL-cholesterol reduced the SORs by around one third, the SORs for proinsulin-like molecules no longer remaining significant at the 5 % level in this model. Virtually identical results were obtained by adding the total-to-HDL-cholesterol ratio in these adjustments instead of adjusting for LDL-cholesterol in model 2 followed by HDL-cholesterol in model 3. Additional adjustment for PAI-1 further reduced the SORs by around half. Similar effects of adjusting for risk factors were found in combined models incorporating both insulin and proinsulin-like models. Inclusion of fasting glucose concentration in these models was without significant effect on the relationship between insulin-like molecules and incident CHD (data not shown). There was no statistical evidence of a significant interaction between concentrations of insulin-like molecules and patterns of dyslipidaemia or obesity in predicting incident CHD. Once again, including birth weight in these models had little effect on the SORs, although smaller numbers of subjects resulted in a reduction in the degrees of significance. In this cohort there was no significant difference in recalled birth weight between those with and without incident CHD.
Discussion
In a study of 1181 middle-aged, non-diabetic men followed up over a period of some 10±14 years, we found significant relationships between incident CHD and absolute concentrations of proinsulin-like molecules. There were also significant relationships Data are shown as an odds ratio for each standard deviation change in the dependent variable, while controlling for age and BMI between concentrations of these molecules, but not of proinsulin-to-insulin ratio, and several components of the insulin resistance syndrome, as well as fibrinogen. In contrast to our previous study [18] we found no consistent relationship between concentrations of insulin-like molecules and those of LDL-cholesterol. The relationships with risk factors cannot simply be explained by the increase in concentrations of all three molecules found with obesity and with insulin resistance [34, 35] in non-diabetic subjects, because in multiple regression models, the relationships between levels of risk factors and concentrations of the proinsulin-like molecules remains significant once BMI and insulin are included in the equation. Equally difficult to explain is the finding that absolute concentrations of proinsulin-like molecules predict incident CHD over a prolonged period of follow up.
Previous studies have shown that absolute concentrations of proinsulin are higher, together with insulin, in obese and insulin-resistant subjects [13, 15, 34±38] . More contentious is whether proinsulin-to-insulin ratios are higher in insulin-resistant subjects, as well as being associated with reduced beta-cell function [34, 35, 37, 39] . Studies have related relative proinsulin concentrations to measures of insulin sensitivity and suggested that insulin-resistant subjects have normal or lower proinsulin-to-insulin ratios [34, 36, 37] , and other studies have shown no increase in this ratio in obesity [38] or in highly insulin-resistant cohorts [13] .
However, one study in an ethnically mixed cohort of 423 men and women, suggested an increase in the proinsulin-to-insulin ratio in individuals with metabolic disorders of the insulin resistance syndrome [40] implying a relationship not with insulin resistance in itself but with its associated cardiovascular risk factors. In the current study, which was over twice as large and in a homogeneous cohort of men, we found no such relationships between risk factors and the proinsulin-to insulin ratio. In a recent analysis, absolute concentrations of proinsulin-like molecules correlated significantly with concentrations of PAI-1 in subjects with varying degrees of glucose intolerance, even after controlling for insulin sensitivity as measured by an intravenous glucose tolerance test [41] .
Proinsulin and des 31, 32 proinsulin bind to the insulin receptor with a much lower affinity than insulin, and have a much weaker biological effect when administered [14, 42] . We tested the hypothesis that concentrations of proinsulin-like molecules could play a role in determining risk, at least in patients with Type II (non-insulin-dependent) diabetes mellitus where the absolute and relative concentrations are much higher. In two separate studies, we treated such patients with either exogenous insulin or sulphonylureas to assess the effects of suppressing or stimulating, respectively, in concentrations of proinsulinlike molecules without affecting glycaemic control [43, 44] . In neither study was a change in concentrations of proinsulin-like molecules associated with an Data are shown as an odds ratio for each standard deviation change in the dependent variable. In all cases age and body mass index were controlled for LDL (low density lipoprotein), HDL (high density lipoprotein), PAI-1 (plasminogen activator inhibitor-1) effect on lipids or blood pressure, although reducing proinsulin concentrations with insulin produced a reduction in PAI-1 activity. This observation, as well as the strength of the relationships of proinsulin-like molecules and risk factors in this and our previous studies [18, 20] indicates that the relationship between proinsulin concentrations and those of risk factors is probably not one of cause and effect but could point to the existence of a common antecedent.
In a cross-sectional study in non-diabetic subjects, we found similar relationships between absolute concentrations of proinsulin-like molecules and prevalent CHD as for insulin [20] , again arguing against a causative role for proinsulin in CHD. We also explored the predictive power of proinsulin-like molecules for incident CHD in a small study, with consequent problems of type 2 error [20] . Cross-sectional studies explored the relationship between proinsulin concentrations and prevalence of CHD. One study found increased absolute, but not relative, concentrations of proinsulin in patients with angiographically defined CHD, an association which disappeared after adjustment for BMI [45] . Another study in Japanese American men found no increase in proinsulin concentrations in subjects with clinically and electrocardiographically defined CHD [46] . Finally, a Swedish study explored the relationship between concentrations of insulin-like molecules and the extent of coronary atherosclerosis in 62 non-diabetic men with myocardial infarction under 65 years of age [47] . The investigators demonstrated a statistically independent effect of fasting proinsulin concentrations on the extent of atheroma, with the influence of insulin replaced in the model.
We have found a significant, and seemingly independent, relationship between absolute concentrations of proinsulin-like molecules and incident CHD. We have shown that, despite their presence in very low concentrations, concentrations of proinsulin-like molecules replace insulin in the model as predictors of incident CHD. These observations, which support those of a recently-published Swedish case-control study [48] , suggest that the relationship between proinsulin concentration and CHD, is probably not simply a common consequence of insulin resistance. In epidemiological studies insulin, concentrations are generally accepted to provide the best marker of insulin resistance [49] , although the longer half-life of proinsulin-like molecules could reduce the intra-individual variance of concentrations of these molecules compared with insulin. In analyses exploring the potential dependence of these findings on the cluster of metabolic, fibrinolytic and haemodynamic abnormalities which are associated with hyperinsulinaemia and with higher concentrations of proinsulin, the significance of the concentration of proinsulin-like molecules was weakened by inclusion of triglyceride and PAI-1 concentrations in the models. A report from this cohort suggested that around half of the predictive effect of insulin for CHD could be explained on the basis of confounding by triglyceride concentration [10] . We explored the possibility that intrauterine growth retardation represents the common antecedent, and found inverse relationships with concentrations of proinsulin-like molecules. Bearing in mind that birth weight was recalled and not recorded, that preterm births were not excluded [22] , and that birth weight might not adequately reflect intrauterine growth retardation [50] , we did not, however, find any evidence that birth weight was a confounder in the relationship between concentrations of insulin-like molecules and incident CHD in this study. The lack of relationship between proinsulin-to-insulin ratio and markers of hepatic or renal disease excludes the possibility of differential reductions in clearance of the molecules in such conditions. We must postulate one of two possibilities: firstly, that higher concentrations of proinsulin-like molecules reflect another, unmeasured cause antecedent, such as concentrations of proinflammatory cytokines [51] . Or, secondly, through actions on a putative proinsulin receptor [52] or through other biological actions that are not yet known, proinsulin-like molecules could themselves play some role in causing atherothrombosis.
The second hypothesis that these risk markers are causative in the pathway of CHD needs data from intervention studies in which concentrations of proinsulin-like molecules are reduced. It might be postulated that the recent observations of the UK Prospective Diabetes Study (UKPDS) [53] fail to provide support. We have previously shown that treatment of Type II diabetic subjects with insulin reduces concentrations of proinsulin-like molecules to a greater degree than with treatment using sulphonylureas to achieve similar degrees of glycaemia [43, 44] . The observations that treatment with insulin and with sulphonylureas in the UKPDS provided similar benefit in terms of CHD risk reduction [53] might argue against a role for proinsulin-like molecules in cardiovascular risk, at least in Type II diabetes.
In conclusion, we have shown a similar relationship between concentrations of proinsulin-like molecules and several cardiovascular risk factors as have been previously observed for insulin. We also found that absolute concentrations of these molecules predict incident CHD in middle-aged men, and, furthermore, replace insulin as a predictor of CHD in statistical models including both molecular species. The mechanisms of these associations is still to be explored.
